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Abstract

Background: Demographic changes led to an increasingly ageing population in Germany and thus to possible
changes in the frequency of fractures. The primary aim of this study was to report changes in fracture rates of the
lower extremities in Germany in 2002 compared to 2017 and to evaluate those changes.

Methods: Inpatient data from the German National Hospital Discharge Registry (ICD10) for 2002 and 2017 were
evaluated. Changes in total counts and incidence rates were analysed for fractures in the following locations:
femoral neck, pertrochanteric, subtrochanteric, distal femur, femoral shaft, proximal and distal tibia, tibial shaft,
medial and lateral malleolus, and other parts of the lower leg (including bi- and trimalleolar fractures), calcaneus,
talus, other tarsal bones, metatarsal bones, greater toe, lesser toe, other fractures of foot or unspecific fractures of
foot and toe. Patients were classed into age groups by sex: 15-24, 25-34,35-44, 45-54, 55-64, 65-74, 75-84, 85-90
and > 90 years.

Results: The total count for lower extremity fractures in men and women increased slightly by 4.5% from 305,764
in 2002 to 319,422 in 2017. Hip and femur fractures increased by 23.5% from 150,565 in 2002 to 185,979 in 2017.
The number of these fractures among men increased by 46% and among women by 15.3%. The total count of
lower leg fractures decreased by 15.4% from 131,162 in 2002 to 110,924 in 2017. Especially, younger age groups
showed a decline for all tibial segments and ankle fractures. For both sexes, the number of lower leg fractures in
those 75 years or older increased in all lower leg fracture locations. Most femur and lower leg fractures occurred in
women. The incidence of fractures rose sharply from 2002 to 2017, especially for older cohorts.

Conclusion: The total numbers of lower extremity fractures increased slightly in 2017 compared to 2002 -
especially hip and femur fractures among men. The incidence of almost all lower extremity fracture types among
older people increased during this time. Women were particularly affected. Therefore, focused prevention
programmes should be considered including an extended fracture spectrum in the elderly.
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Introduction

Demographic change is leading to an increasingly ageing
population in Germany. Between 1990 and 2018 the
number of people over the age of 67 years increased by
54%. According to the German Federal Office of Statis-
tics, the population of older age groups will increase by
another 5 to 6 million by 2039, reaching at least 21 mil-
lion [1]. A corresponding increase in geriatric fractures
can also be expected, which means high costs for the
healthcare system [2]. Aigner et al. reported that hip
fractures costs 8853 € in a German University Hospital
while reimbursement was 8196 € [3] making a deficit of
657 €. Fractures in the elderly will pose challenges for
attending physicians in particular, as they will be con-
fronted with an increasingly geriatric and multimorbid
patient population. The main causes of these fractures
are low-energy traumas (e.g. falls from a standing pos-
ition) in combination with osteopenia. It has been shown
that the highest absolute number of fractures occur in
individuals with osteopenia [4]. Osteoporosis is highly
prevalent among people in the fifth decade of life or
older [5, 6]. Women are up to five times more likely to
develop osteoporosis than men [7] and suffer about two-
thirds of all osteoporotic fractures worldwide [8]. Fragil-
ity fractures are mainly located in the proximal humerus,
distal radius, proximal femur, pelvis and spine [9-12].

The literature includes high-quality register studies,
mainly from Scandinavia, which evaluate changes in fre-
quencies of different fractures over time [2, 13-20].
However, there are only a few epidemiological studies
on changes over time in the frequency of geriatric frac-
tures in Germany. These studies have particularly fo-
cused on hip fractures [12, 21-23]. Fractures of the
upper extremity have been investigated by the authors in
a previous study [21] which is why a further study on
the frequency of fractures in the lower extremity seems
useful. To the best of our knowledge, there is no recent
study explicitly on the epidemiology of lower extremity
fractures in Germany and the associated investigation of
fracture frequencies and their distribution.

The goal of the present study was to analyse the epi-
demiological development of fractures of the lower ex-
tremities from 2002 to 2017 in Germany. Fractures were
evaluated for persons >15 years of age, with a focus on
older people, by analysis of the national hospital dis-
charge diagnosis register. In addition, the study presents
changes in total counts and incidence rates for various
lower extremity fractures.

Patients and methods

Data were retrieved from the national hospital discharge
diagnosis register (www.gbe-bund.de) from 01/01/2002
to 31/12/2002 and from 01/01/2017 to 31/12/2017. This
database is maintained by the Robert Koch Institute and
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the German Federal Office of Statistics and is respon-
sible for recording data on all inpatients treated in
Germany. The register covers over 99% of all German
hospitals and thus is a source of accurate epidemio-
logical data. The online database (GBE) brings together
health data and health information from more than 100
different sources in a central location, including many
surveys of the statistical offices of the Federation and the
states, but also surveys of numerous other institutions
from the health sector. GBE’s thematic fields include all
areas of the health care system: General conditions of
the health care system, health situation, health behaviour
and health risks, health problems and diseases, health
care, health expenditure, costs and financing of the
health care system.

The level of trauma (e.g., Injury severity Score, Ander-
son and Gustillo classification, AO/OTA-classification)
is unfortunately not provided by the register. The regis-
ter only counts inpatient cases and therefore only con-
tains the ICD-10-code. The register only uses the first
three digits of the ICD-10 code. Therefore, the register
could classify fractures only according to bone and bone
segment. The Robert Koch Institute and the German
Federal Office of Statistics are responsible for recording
data on all inpatients treated in German hospitals.
Therefore, it provides accurate and reliable data and
fractures with specified codes were obtained and in-
cluded. Exclusion criteria were not applied.

Data were selected for retrieval based on the Inter-
national Classification of Diseases (ICD-10-GM: 10th
Revision, German Modification) [24]. The ICD-10-GM
was introduced in 2000 as the successor to the ICD-9.
To avoid documentation errors and incorrect coding,
the year 2002 was chosen as the starting point for study
analysis.

The following fracture locations were chosen.

Hip and femur: femoral neck $72.0; pertrochanteric
femur S72.1; subtrochanteric femur S72.2; femoral shaft
§72.3; distal femur S72.4; multiple fractures of the femur
S72.7; other parts of the femur S72.8; and femur, part
unspecified S72.9. For assessing changes in total counts
and ratios, per- and subtrochanteric femoral fractures
(§72.1, S72.2) were grouped together. Additionally, mul-
tiple fractures of the femur (S72.7); other parts of the
femur (S72.8); and femur, part unspecified (572.9) were
grouped as ‘other parts’.

Lower leg: proximal end of the tibia S82.1, tibial shaft
S82.2, distal end of the tibia S82.3, medial malleolus
§82.5, lateral malleolus S82.6 and other parts of the
lower leg (including tri- and bimalleolar fractures) S82.8.

Foot: calcaneus (592.0), talus (S92.1), other and unspe-
cific tarsal bone(s) (S92.2), metatarsal bone (592.3), great
toe and other toes (§92.4, S92.5) as well as other parts
(5§92.7, S92.9) were grouped together.
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Men and women were divided by sex into nine age
groups: 15-24, 25-34,35-44, 45-54, 55-64, 65-74, 75—
84, 85-90 and > 90 years.

The authors wanted to show the fracture development
in all age groups but children. Previous studies by Kor-
ner et al. examined fracture patterns in children for the
upper and lower extremity [25, 26]. Therefore, age
groups < 15 years were not considered. Although, geriat-
ric fractures are increasing, the development of fracture
frequencies and incidences in the younger and working
age groups are also important. Furthermore, the data
query from the register provides the age ranges. A
grouping with more than 10years within a group
seemed inaccurate to the authors.

The register provides total counts for the selected frac-
tures as well as incidence rates. The percentage changes
in total numbers between 2002 and 2017 were also cal-
culated. The incidence rate ratio (IRR) was calculated by
dividing the 2017 incidence by the 2002 incidence.

Furthermore, the composition of the German population
by age group and gender in 2002 and 2017 were queried.

Statistical analysis was performed using Microsoft
Office Excel 365 ProPlus (Microsoft Corporation,
Redmond, USA).

The study was conducted in agreement with the eth-
ical standards of the institutional and national research
committee and with the 1964 Helsinki declaration and
its later amendments. This is an epidemiological study
with anonymized, centrally collected, and online publicly
available data. No patient consent or approval of the
local ethics committee was required.

Results

The German population changed over the last 15 years.
The percentage of older people grew. This can be first
seen in the age group 45-54 years and all the following
age groups (see Table 1). A more detailed view on the
average change of every age group gives Table 1.

A total of 305,764 fractures of the lower extremity
were recorded in 2002. In 2017, there was an increase by
4.5% to 319,422 fractures. In 2002, women represented
the majority with 61.1% (men: 38.9%). In 2017, the pro-
portion of female fractures increased slightly to 62.3%
(men: 37.7%).

A total of 150,565 fractures of hip and femur were reg-
istered in 2002. In 2017 there was an increase to 185,979
such fractures (23.5% increase). Women accounted for
the majority of fractures, with a total count of 110,166
fractures (73.2%) in 2002 compared to men with 40,399
(26.8%). In 2017, the female proportion of all fractures
decreased slightly to 68.3%, although the total number
of fractures in women increased to 127,018. Fractures in
men increased to 58,961 in 2017, representing 31,7% of
all fractures.
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Table 2 presents the total counts of hip and femur
fractures for both sexes for the years 2002 and 2017
along with the percentage of change in these counts be-
tween the 2 years. For the three youngest male age
groups, the counts decreased from 2002 to 2017 for
every fracture type. For the age groups 55 years and
older, total counts increased for every fracture type, with
large percentage increases for men 75 years and older in
fractures affecting the femoral neck, per- and subtro-
chanteric femur, femoral shaft and distal femur. In
women, fracture counts decreased also in the youngest
three age groups. With minor exceptions, total counts
also increased for men starting at the age of 55 years and
older.

Table 3 presents incidence rates and IRR for hip and
femur fractures in both sexes. For men in the three
youngest age groups, the incidence for nearly all fracture
types decreased (IRR 0.6-0.8) (see Figs. 1, 2 and 3). In
the age groups 55years and older, the incidence for
nearly all proximal femoral fractures and femoral shaft
fractures increased (IRR 1.1-2.7). The incidence and IRR
of female femoral neck fractures decreased in nearly
every group (0.5-0.9). Pertrochanteric fracture incidence
rates also decreased in all groups except for women >
90years (IRR 0.7-0.9). Subtrochanteric fracture inci-
dences increased for all groups 55 years and older (IRR
1.3-1.4). The same could be seen for femoral shaft and
distal femur fractures (IRR > 1.1) (see Figs. 4 and 5).

A total of 131,162 fractures of the lower leg were reg-
istered in 2002. In 2017 there was a decrease to 110,924
such fractures (- 15.4%). In 2002 women accounted for
most lower leg fractures, with 68,231 (52%) cases com-
pared to 62,931 for men (48%). In 2017, the proportion
of these fractures that occurred in women rose to 56.1%
despite a decrease in absolute numbers to 62,259 cases.
For men, a decrease to 48,665 such fractures was docu-
mented, representing 43.9% of the total for 2017.

Table 4 shows total counts and percentage changes for
lower leg fractures in both sexes for 2002 and 2017. For
the two youngest male age groups lower leg fractures
decreased for all locations. For men 75 years of age or
older, counts increased for all lower leg fracture types.
Similar to men, counts for all lower leg fracture types in-
creased for women 75 years and older. It is noteworthy
that although the total counts in women 75years or
older were much higher than those for men, the per-
centage increases from 2002 to 2017 were much greater
in men.

Table 5 presents lower leg fracture incidences for both
sexes. For the two youngest male age groups, incidence
decreased for nearly fracture type between 2002 and
2017 (IRR 0.5-0.8). Incidences of male proximal tibial
fractures decreased in seven of nine age groups between
these 3 years (see Fig. 6), whereas tibial shaft fractures
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Table 1 Population of each age group for 2002 and 2017
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Age group 2002 2017 A(%)
15-24 years All sexes 9.514.459 8.683.081 -8,7
Male 4.857.559 4.544.388 —64
Female 4.656.900 4138693 =111
25-34 years All sexes 10.751.372 10.588.332 =15
Male 5499.663 5466.519 -06
Female 5251.709 5121813 =25
35-44 years All sexes 14.012.379 9.951.567 =290
Male 7.189.780 5.024.019 -30,1
Female 6.822.599 4.927.548 -278
45-54 years All sexes 11.301.177 12911332 14,2
Male 5.693.657 6.517.216 14,5
Female 5.607.520 6.394.116 14,0
55-64 years All sexes 10.102.894 11.776.569 16,6
Male 4.994.183 5.824.284 16,6
Female 5.108.711 5.952.285 16,5
65-74 years All sexes 8217435 8.323.603 13
Male 3.793.315 3.936.643 38
Female 4424120 4.386.960 -08
75-84 years All sexes 4.769.704 7.120.634 49,3
Male 1.597.063 3.071.104 92,3
Female 3.172.641 4,049.530 27,6
85-90 years All sexes 873.164 1.495.440 713
Male 217293 527220 142,6
Female 655.871 968.220 476
> 90 years All sexes 578516 770034 33,1
Male 130577 191.277 46,5
Female 447939 578.757 2972

increased for those age 55 years and older (IRR 1.0-1.8)
(see Fig. 7). Proximal tibial fracture incidence in women
increased starting at the age of 45 years (IRR 1.1-1.3) ex-
cept for the age group 75-84 years (IRR 0.9). Tibial shaft
fracture incidence increased starting at age 75 years (IRR
1.2-1.3). Fractures of other parts of the lower leg (in-
cluding bi- and trimalleolar fractures) were seen in
women age 65 years and older at three to four times the
incidence rate for the corresponding male cohort (see
Fig. 8).

In 2002, 24,037 ft fractures were registered. In 2017
there was a decrease to 22,519 (- 6.3%). 15,602 fractures
occurred in men (65%) in 2002 and 8435 in women
(35%). In 2017, 12,910 (57.3%) fractures could be de-
tected for men and 9606 (42.7%) for women (- 17.3 and
13.9% respectively).

Table 6 presents total counts of foot fractures in the years
2002 and 2017 together with percentage change. There was
a decrease of absolute numbers in the three youngest age

groups. At the same time the fracture rate in the three old-
est male age groups increased for nearly all fractures. In
women the rate of foot fractures increased in all age groups
except age group 15-24 and 35-44 years.

Table 7 presents the incidences and IRR of each
foot fracture location for males and females in 2002
and 2017. Hereby, fractures incidences of calcaneus
and talus fractures decreased in all age groups or
remained at the same level in 2017 compared to 2002
(IRR <1.0).

Discussion
The goal of this study was to analyse changes in the
counts and incidence rates of the various fractures of the
lower extremities for both sexes over a period of 15
years.

It is a well-known fact that geriatric population (> 65
years) is increasing and the fracture incidence in that
group is also increasing. But so far there are few studies
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(A) Incidence of fractures of neck of femur in men
(n/100.000/year) in 2002 and 2017
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(B) Incidence of fractures of neck of femur in women
(n/100.000/year) in 2002 and 2017
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(C) Incidence of fractures of neck of femur in men and
women (n/100.000/year) in 2002 and 2017
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Fig. 1 Incidences of proximal femoral neck fractures in a men, b women and ¢ both (n/100,000/year) for 2002 and 2017

that provide a dedicated overview of all fractures of the suffer more fractures than men, but the proportion
lower extremity. occurring in men increased from 26.8% in 2002 to

In this analysis, hip and femur fractures increased 31.7% in 2017. There has been a notable decrease
by 23.5% in 2017 compared to 2002. Women still for both sexes in the total number of fractures in
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the lower leg by —15.4%, with most of these occur-
ring in women: 52% in 2002 and 56.1% in 2017.One
main reason seems to be the demographic change,
with a decrease in the size of younger population
groups. The absolute population of 25- to 65-year-

olds was 68.3 million in 2002 and decreased to 65.0
million in 2017 (-5%). By contrast, the absolute
number of people over 65years of age grew from
14.1 million in 2002 to 17.5 million in 2017, an in-
crease of 24% [27].
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Fig. 3 Incidences of proximal subtrochanteric fractures in a men, b women and ¢ both (n/100,000/year) for 2002 and 2017

Age groups older than 45 years shows an increasing [28]. The ageing population grows and with it the con-
population. For example, the age group 15-24 years de- comitant increase of total fracture counts and inci-
creased in total from 9,514,459 in 2002 to 8,683,081 in  dences. Other possible explanations for the decrease in
2017 (-8,7%), the age group of 75-84vyears increased fractures within the younger groups are the increases in
from 4,769,704 in 2002 to 7,120,634 in 2017 (49.3%) road safety and occupational safety. Accidents involving



Hemmann et al. BMC Musculoskeletal Disorders (2021) 22:456 Page 11 of 24

(A) Incidence of fractures of shaft of femurin men
(n/100.000/year) in 2002 and 2017
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(C) Incidence of fractures of shaft of femur in men and
women (n/100.000/year) in 2002 and 2017
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Fig. 4 Incidences of femoral shaft fractures in a men, b women and ¢ both (n/100,000/year) for 2002 and 2017
A

men and personal injuries decreased by 10% over the between these factors and the decline of fractures in
same time period [29]. In 2017 there were 26% fewer ac-  younger age groups is lacking.

cidents at work than in 2002 [30]. It must be noted, Kannus et al. reported a decline in the incidence of hip
however, that direct evidence of a causal relationship fractures among Finnish people >50years of age
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between 1970 and 2016 [20]. They observed, however,
that incidence rates will increase by 44% by the year
2030 due to the sharp growth of the population at risk
[20]. An analysis of health insurance data on 23 million
Germans from 2002 to 2004 demonstrated that the

incidence of hip fractures increases with age [31]. The
current study confirms this observation. Using data from
the Swedish fracture registry, Mattisson et al. found that
women accounted for 69% of all hip fractures, demon-
strating a distribution by sex for this condition similar to
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(A) Incidence of proximal tibial fractures in men
(n/100.000/year) in 2002 and 2017
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(B) Incidence of proximale tibial fractures in women
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(C) Incidence of proximal tibial fractures in men and
women (n/100.000/year) in 2002 and 2017
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Fig. 6 Incidences of proximal tibial fractures in @ men, b women and ¢ both (n/100,000/year) for 2002 and 2017
A\

that seen in the current study [32]. In 2017, 69% of all incidence remained stable between 1998 and 2004 [33].
hip and femur fractures in Germany occurred in women.  They reported that up to the age of 40—49 years, men

The incidence of femoral shaft fractures increased are more frequently affected by femoral shaft fractures
steeply starting at the age of 75years. Weiss et al. re- than are women of the same age. This sex difference
ported the same results, although they found that the changed for those 60-69years and older, with an
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Fig. 7 Incidences of tibial shaft fractures in a men, b women and ¢ both (n/100,000/year) for 2002 and 2017
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incident rate ratio for men to women of 0.7 to 0.3 for
those over the age of 90years [33]. The current data
confirm this finding. Court-Brown et al. investigated
4786 fractures in inpatients and outpatients over two
one-year periods (July 2007—-June 2008 and September

2010—August 2011) in Scotland and analysed incidences
of different fracture ‘patterns’ in patients > 65 years of
age. He described a correlation between increasing age
and increasing incidence of fractures of the proximal
femur and femoral shaft in both sexes [2]. Our results
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(A) Incidence of fractures of other parts of the lower leg
(incl. bi- and trimalleolar fractures) in men
(n/100.000/year) in 2002 and 2017
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(B) Incidence of fractures of other parts of the lower leg
(incl. bi- and trimalleolar fractures) in women
(n/100.000/year) in 2002 and 2017
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(C) Incidence of fractures of other parts of the lower leg
(incl. bi- and trimalleolar fractures) in men and women
(n/100.000/year) in 2002 and 2017
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Fig. 8 Incidences for fractures of other parts of the lower leg (including bi- and trimalleolar fractures) in a men, b women and ¢ both (n/
1000,000/year) for 2002 and 2017

are consistent for femoral shaft fractures and per- and Elsoe et al. reported a rapid, continuous increase in inci-
subtrochanteric fractures. dence after the age of 60 with an increasing proportion

The steep increase in the incidence of distal femoral of female patients after analysing 293 patients with 302
fractures with increasing age in women is noteworthy. distal femur fractures between 2005 and 2010 [34].
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Court-Brown et al. also detected an increasing incidence
of distal femoral fractures for women [2]. It should be
discussed whether fractures of the distal femur, which
increase in incidence with older age in women, should
be seen as fragility fractures [34]. The simultaneous
presence of osteoporosis in elderly women supports this
assumption.

Women showed an increasing number and incidence
of proximal tibial fractures, especially for age groups 55
years and older. Court-Brown et al. also recorded an in-
crease in proximal tibial fractures for women with in-
creasing age [2], and a Swedish registry study from 2018
demonstrated an increasing incidence of such fractures
for women with increasing age [18]. Vestergaard et al.
showed similar results in their cohort study of over 60,
000 patients [19]. A direct comparison of incidence rates
in this work with those reported from other countries is
not possible due to differences in study designs, data
sources, time periods, and statistical methods. Neverthe-
less, time trends and sex distributions may be
comparable.

Tibial shaft fractures increased in incidence for both
sexes older than 65 years. Wennergren et al. were able to
demonstrate an increase in the incidence of fractures at
all tibia locations in women with increasing age based
on data from the Swedish fracture registry [18]. Taking
into account minor variations, these results are in line
with data from the current study. Consideration should
be given to whether fractures of the tibia (regardless of
which segment) should be seen as fragility fractures due
to their high incidence in older women (> 65 years) and
the concomitant presence of osteoporosis [18]. In 2008,
based on Swedish registry data, Weiss et al. were able to
identify an increasing incidence of tibial shaft fractures
for women > 70 years of age [35].

Court-Brown et al. described an increasing incidence
of ankle fractures in both sexes for those > 65 years of
age [36]. Although a Finnish registry study showed a de-
creasing incidence of ankle fractures between 1970 and
2014 for patients > 60 years of age, the authors pointed
out that an increasing number of fractures can be ex-
pected due to the rapid ageing of the Finnish population
[13]. Available data in this study indicates this assump-
tion is also likely for Germany. A Swedish registry study
with more than 91,000 patients showed an increasing in-
cidence of ankle fractures in women over the fifth dec-
ade of life [37]. Such an increase is also evident in the
present study in the incidence rates for ankle fractures
and fractures from the S82.8 group, which includes bi-
and trimalleolar fractures. After analysing data gathered
between 1987 and 2004 on 91,410 Swedish inpatients,
Thur et al. recorded the greatest increase in the inci-
dence of ankle fractures in women over 60 years of age
[37]. In the current study the largest increase in the
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incidence of ankle fractures from 2002 to 2017 was re-
corded for the female cohort aged 75-85 years.

The increase in incidence rates for almost all fracture
types in the older female cohorts (>75years) is con-
spicuous. The number of older people — and thus older
women (> 75 years) — is increasing due to higher life ex-
pectancy [28]. In 2002 there were almost 5.5 million
men and 8.6 million women older than 65 living in
Germany. In 2017 the number of men older than 65 was
7.6 million, with 9.9 million women older than 65 [27].
Furthermore, seniors today are more physically active
than in the past [38], which predisposes them to a frac-
ture event. This could explain the increasing total count
of hip fractures in men. Since women are five times
more likely to develop osteoporosis than men, and
osteoporosis manifests itself much earlier in women (7],
their risk of suffering a fracture is increased. Due to their
higher life expectancy and the risk of falling again,
women are particularly at risk [39, 40] for further frac-
ture events (re-fractures). It should be remembered,
however, that men can also suffer from osteoporosis.
The German osteoporosis guideline group recommends
basic diagnostics for women and men starting at the age
of 70years due to the increased risk of fractures [41].
Furthermore, the guideline identifies singular non-
vertebral fractures after the age of 50 as a moderate risk
factor for osteoporotic fractures, independent of bone
density and age. However, the guideline excepts ankle
fractures as unlikely to be associated with an increased
risk of osteoporotic fractures [41]. This guideline recom-
mendation conflicts with our data, which indicate the in-
cidence of ankle fractures increases with age (> 75 years).
The data also show an increasing incidence of proximal
tibial fractures and distal femoral fractures with age, es-
pecially in women. Consideration should be given to
characterise these fractures as fragility fractures.

This study has the several limitations. The query of
the national hospital discharge diagnosis register in-
cludes only inpatients. Outpatients were therefore not
included which is the major limitation of this study. This
means that the listed total count and incidence rates are
potentially too low, and a precise, definitive statement
on the frequency distribution of the individual fracture
types cannot be made. Nonetheless, fractures of the
lower extremity are most often treated in an inpatient
setting which means at least one night in the hospital in-
dependent of the fracture severity and applied treatment
(surgical or conservative). Thus, the fracture incidences
of femur and tibia fractures might be approximately ac-
curate. It also indicates a trend towards surgical treat-
ment. This has already been investigated by Court-
Brown et al. They were able to show that rates of sur-
gery, especially on the lower extremity, are increasing
for patients with higher age [42]. Fractures of the foot
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might be underestimated in this study due to the outpatient
setting. Furthermore, since the registry could only identify
fractures based on ICD-10 coding, additional details on the
characteristics and severity of the fracture provided by clas-
sifications such as AO/OTA coding were not available.
Similarly, the data did not indicate which patients had been
treated surgically or conservatively. Furthermore, the years
2002 and 2017 do not allow the assumption that fracture
numbers were linear change over time.

A particular strength of the present work is the fact
that current, Germany-wide data from almost all hospi-
tals are presented. The work also shows developments
over the relatively long period of 15 years including all
kind of fractures of the lower extremity and might help
to better represent the actual medical care situation.

The study demonstrates that demographic change has
already influenced the total number and incidence rates
of lower extremity fractures. For orthopaedic surgeons,
nurses, hospitals and healthcare system fracture care
within Germany will change. Despite a decrease in the
number of lower leg fractures by 11%, fractures of the
hip and femur increased by 26% over the same period.
According to absolute numbers of hip fractures, there is
a clear increase which is a potential financial problem
for hospitals. Aigner et al. were able to show in their
study that a deficit of 657 € is incurred per hip fracture
treated in a German hospital [3]. The incidence of geri-
atric lower extremity fractures is rapidly increasing, es-
pecially for distal femoral fractures, proximal tibial
fractures and ankle fractures. Similar increases are also
seen for fractures of the upper extremities [21]. As a re-
sult, the health care system will be confronted with an
increasing number of geriatric patients, which will pose
challenges not only financially but also structurally
within hospitals. Multimorbidity and polypharmacy as
well as age-appropriate care and subsequent geriatric re-
habilitation will become increasingly important. Studies
have shown that an interdisciplinary team consisting of
physicians (trauma surgeons and geriatric specialists),
nurses, physiotherapists and ergotherapists can achieve a
better outcome for patients with fragility fractures [43].

Conclusion

Almost all fracture types in the lower extremities in-
creased for older people aged over 75 years in 2017 com-
pared to 2002. This particularly affects women. In
contrast, the youngest age groups showed a decrease for
nearly every fracture in the lower leg. This will call for
increasing interdisciplinary care within hospitals, and it
will present the healthcare system with financial chal-
lenges. Therefore, focused prevention programmes
should be considered including an extended fracture
spectrum in the elderly with distal femoral fractures,
proximal tibial fractures, and ankle fractures.

Page 22 of 24

Abbreviations

ICD: International Classification of Diseases; ICD-10-GM: International
Classification of Diseases 10th version German modification; RKI: Robert Koch
Institute

Acknowledgments
Not applicable.

Authors’ contributions

PH: developed the study design, performed the statistical data analysis and
interpretation and was a major contributor in writing the manuscript. MF:
performed statistical data analysis. DK: wrote and revised the manuscript. TK:
revised the manuscript. CB: conception and supervision of the project. All
authors read and approved the final manuscript.

Funding

The Deutsche Forschungsgemeinschaft and the Open Access Publishing
Fund of the University of Tubingen covered 70% of the article-processing
charges by BMC Musculoskeletal Disorders. Open Access funding enabled
and organized by Projekt DEAL.

Availability of data and materials
The datasets analysed in the current study are online publicly available:
http://www.gbe-bund.de

Declarations

Ethics approval and consent to participate

The study was conducted in agreement with the ethical standards of the
institutional and national research committee and with the 1964 Helsinki
declaration and its later amendments. This is an epidemiological study with
anonymized, centrally collected, and online publicly available data. No
patient consent or approval of the local ethics committee was required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Traumatology and Reconstructive Surgery, BG Trauma
Centre Tuebingen, Eberhard Karls University Tuebingen, Schnarrenbergstrasse
95, 72076 Tuebingen, Germany. “Eberhard Karls University Tuebingen,
Medical School, Geissweg 5, 72076 Tuebingen, Germany. 3Orthopa‘dische
Chirurgie Bayreuth, Parsifalstrale 5, 95445 Bayreuth, Germany. “Department
of Orthopaedics and Trauma Surgery, Schon Klinik Neustadt, Am Kiebitzberg
10, 23730 Neustadt in Holstein, Germany.

Received: 24 January 2021 Accepted: 19 April 2021
Published online: 19 May 2021

References

1. Destatis, S.B., Bevélkerung im Erwerbsalter sinkt bis 2035 voraussichtlich um
4 bis 6 Millionen: https://www.destatis.de/DE/Presse/Pressemitteilungen/201
9/06/PD19_242_12411.html Stand: 18.03.2020. Accessed 14 Apr 2020.

2. Court-Brown CM, Clement ND, Duckworth AD, Aitken S, Biant LC, McQueen
MM. The spectrum of fractures in the elderly. Bone Joint J. 2014,96-B(3):366—
72. https;//doi.org/10.1302/0301-620X.96B3.33316.

3. Aigner R, Hack J, Eschbach D, Ruchholtz S, Knobe M, Dodel R, et al. Is
treatment of geriatric hip fracture patients cost-covering? Results of a
prospective study conducted at a German University hospital. Arch Orthop
Trauma Surg. 2018;138(3):331-7. https://doi.org/10.1007/500402-017-2844-2.

4. Shuler FD, Conjeski J, Kendall D, Salava J. Understanding the burden of
osteoporosis and use of the World Health Organization FRAX. Orthopedics.
2012;35(9):798-805. https://doi.org/10.3928/01477447-20120822-12.

5. Kanis JA, Johnell O, Oden A, Jonsson B, de Laet C, Dawson A. Risk of hip
fracture according to the World Health Organization criteria for osteopenia
and osteoporosis. Bone. 2000;27(5):585-90. https://doi.org/10.1016/58756-32
82(00)00381-1.


http://www.gbe-bund.de
https://www.destatis.de/DE/Presse/Pressemitteilungen/2019/06/PD19_242_12411.html
https://www.destatis.de/DE/Presse/Pressemitteilungen/2019/06/PD19_242_12411.html
https://doi.org/10.1302/0301-620X.96B3.33316
https://doi.org/10.1007/s00402-017-2844-2
https://doi.org/10.3928/01477447-20120822-12
https://doi.org/10.1016/S8756-3282(00)00381-1
https://doi.org/10.1016/S8756-3282(00)00381-1

Hemmann et al. BMC Musculoskeletal Disorders

20.

22.

23.

24.

(2021) 22:456

Diaz AR, Navas PZ. Risk factors for trochanteric and femoral neck fracture.
Rev Esp Cir Ortop Traumatol. 2018;62(2):134-41. https://doi.org/10.1016/.
recot.2017.09.002.

Wilson S, Sharp CA, Davie MW. Health-related quality of life in patients
with osteoporosis in the absence of vertebral fracture: a systematic
review. Osteoporos Int. 2012;23(12):2749-68. https://doi.org/10.1007/5001
98-012-2050-6.

Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, Stenmark J,

et al. Osteoporosis in the European Union: medical management,
epidemiology and economic burden. A report prepared in collaboration
with the International Osteoporosis Foundation (IOF) and the European
Federation of Pharmaceutical Industry Associations (EFPIA). Arch
Osteoporos. 2013;8(1-2):136. https://doi.org/10.1007/511657-013-0136-1.
Kannus P, Niemi S, Sievanen H, Parkkari J. Stabilized incidence in proximal
humeral fractures of elderly women: Nationwide statistics from Finland in
1970-2015. J Gerontol A Biol Sci Med Sci. 2017;72(10):1390-3. https://doi.
0org/10.1093/gerona/glx073.

Baker G, McMahon SE, Warnock M, Johnston A, Cusick LA. Outcomes of
conservatively managed complex acetabular fractures in the frail and elderly
one year post injury. Injury. 2020;51(2):347-51. https://doi.org/10.1016/j.
injury.2019.12.008.

Jerrhag D, et al. Epidemiology and time trends of distal forearm fractures in
adults - a study of 11.2 million person-years in Sweden. BMC Musculoskelet
Disord. 2017;18(1):240.

Rapp K, Blichele G, Dreinhofer K, Blicking B, Becker C, Benzinger P.
Epidemiology of hip fractures : systematic literature review of German data
and an overview of the international literature. Z Gerontol Geriatr. 2019;
52(1):10-6. https://doi.org/10.1007/500391-018-1382-z.

Kannus P, Niemi S, Parkkari J, Sievanen H. Declining incidence of fall-
induced ankle fractures in elderly adults: Finnish statistics between 1970
and 2014. Arch Orthop Trauma Surg. 2016;136(9):1243-6. https://doi.org/1
0.1007/500402-016-2524-7.

Kannus P, Palvanen M, Niemi S, Parkkari J, Jarvinen M. Stabilizing incidence
of low-trauma ankle fractures in elderly people Finnish statistics in 1970-
2006 and prediction for the future. Bone. 2008;43(2):340-2. https://doi.org/1
0.1016/j.bone.2008.04.015.

Kannus P, Parkkari J, Niemi S, Sievénen H. Low-trauma knee fractures in
older Finnish women between 1970 and 2013. Aging Clin Exp Res. 2016;
28(4):665-8. https://doi.org/10.1007/540520-015-0457-6.

Sumrein BO, Huttunen TT, Launonen AP, Berg HE, Fellander-Tsai L, Mattila
VM. Proximal humeral fractures in Sweden-a registry-based study.
Osteoporos Int. 2017;28(3):901-7. https://doi.org/10.1007/500198-016-3808-z.
Laurila J, Huttunen TT, Kannus P, Kaaridinen M, Mattila VM. Tibial shaft
fractures in Finland between 1997 and 2014. Injury. 2019;50(4):973-7.
https.//doi.org/10.1016/j.injury.2019.03.034.

Wennergren D, Bergdahl C, Ekelund J, Juto H, Sundfeldt M, Moller M.
Epidemiology and incidence of tibia fractures in the Swedish fracture
register. Injury. 2018;49(11):2068-74. https://doi.org/10.1016/j.injury.2018.
09.008.

Vestergaard V, Pedersen AB, Tengberg PT, Troelsen A, Schrader HM. 20-year
trends of distal femoral, patellar, and proximal tibial fractures: a Danish
nationwide cohort study of 60,823 patients. Acta Orthop. 2020,91(1):109-14.
https://doi.org/10.1080/17453674.2019.1698148.

Kannus P, Niemi S, Parkkari J, Sievdnen H. Continuously declining
incidence of hip fracture in Finland: analysis of nationwide database in
1970-2016. Arch Gerontol Geriatr. 2018;77:64-7. https.//doi.org/10.1016/
j.archger.2018.04.008.

Hemmann P, Ziegler P, Konrads C, Ellmerer A, Klopfer T, Schreiner AJ, et al.
Trends in fracture development of the upper extremity in Germany-a
population-based description of the past 15 years. J Orthop Surg Res. 2020;
15(1):65. https://doi.org/10.1186/513018-020-1580-4.

Icks A, Haastert B, Wildner M, Becker C, Meyer G. Trend of hip fracture
incidence in Germany 1995-2004: a population-based study. Osteoporos Int.
2008;19(8):1139-45. https://doi.org/10.1007/500198-007-0534-6.

Icks A, Arend W, Becker C, Rapp K, Jungbluth P, Haastert B. Incidence of hip
fractures in Germany, 1995-2010. Arch Osteoporos. 2013;8(1-2):140. https//
doi.org/10.1007/511657-013-0140-5.

Krankenhausstatistik - Diagnosedaten der Patienten und Patientinnen in
Krankenhdusern, S.B, Zweigstelle Bonn, Diagnosedaten der Krankenhduser
ab 2000 (Félle, Berechnungs- und Belegungstage, durchschnittliche
Verweildauer). Gliederungsmerkmale: Jahre, Behandlungsort, Alter,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Page 23 of 24

Geschlecht, Verweildauer, ICD10-4-Steller In www.gbe-bund.de (Startseite >
Krankheiten/Gesundheitsprobleme > Tabelle (gestaltbar): Diagnosedaten
der Krankenhduser nach Behandlungsort (ICD10-4-Steller, ab 2000)).
Accessed 10 Apr 2020.

Korner D, Gonser CE, Bahrs C, Hemmann P. Change in paediatric upper
extremity fracture incidences in German hospitals from 2002 to 2017: an
epidemiological study. Arch Orthop Trauma Surg. 2019. https://doi.org/10.1
007/500402-019-03321-5.

Gonser CE, Bahrs C, Hemmann P, Kérner D. Substantial decrease in
paediatric lower extremity fracture rates in German hospitals in 2017
compared with 2002: an epidemiological study. BMC Musculoskelet Disord.
2020;21(1):357. https.//doi.org/10.1186/512891-020-03393-0.
Gesundheitsberichterstattung des Bundes: www.gbe-bund.de: Startseite >
Europdische Gesundheitsindikatoren (ECHI) > Demographische und sozio-
Okonomische Faktoren > Indikator 1: Bevélkerung nach Geschlecht und Alter >
Tabelle (gestaltbar): Bevolkerung nach Geschlecht und Alter Stand:24.03.2020.
Fortschreibung des Bevélkerungsstandes, Statistisches Bundesamt,
Bevolkerungsanteile und gesamte Bevolkerung zum Stichtag 31.12. des
jeweiligen Jahres. Gliederungsmerkmale: In www.gbe-bund.de (Startseite >
Rahmenbedingungen > Bevolkerung > Bevolkerungsstand > Tabelle
(gestaltbar):Bevolkerung am Jahresende, Bevolkerungsanteile).

Statistisches Bundesamt (Destatis), (2020). Verkehrsunfélle Zeitreihen 2018
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/
Publikationen/Downloads-Verkehrsunfaelle/verkehrsunfaelle-zeitreihen-pdf-
5462403.pdf?__blob=publicationFile. Accessed 23 Apr 2020.

D. G. U. e. V. DGUV-Statistiken fur die Praxis 2018: Aktuelle Zahlen und
Zeitreihen der gewerblichen Berufsgenossenschaften und
Unfallversicherungstrager der offentllichen Hand. Berlin: Deutsche
Gesetzliche Unfallversicherung; 2019. https.//publikationen.dguv.de/widgets/
pdf/download/article/3673. Accessed 23 Apr 2020.

Lohmann R, Frerichmann U, Stéckle U, Riegel T, Raschke MJ. Proximal
femoral fractures in the elderly. Analysis of data from health insurance
providers on more than 23 million insured persons-part 1. Unfallchirurg.
2007;110(7):603-9. https.//doi.org/10.1007/500113-007-1257-z.

Mattisson L, Bojan A, Enocson A. Epidemiology, treatment and mortality of
trochanteric and subtrochanteric hip fractures: data from the Swedish
fracture register. BMC Musculoskelet Disord. 2018;19(1):369. https://doi.org/1
0.1186/512891-018-2276-3.

Weiss RJ, Montgomery SM, al Dabbagh Z, Jansson KA. National data of 6409
Swedish inpatients with femoral shaft fractures: stable incidence between
1998 and 2004, Injury. 2009;40(3):304-8. https://doi.org/10.1016/j.injury.2008.
07.017.

Elsoe R, Ceccotti AA, Larsen P. Population-based epidemiology and
incidence of distal femur fractures. Int Orthop. 2018;42(1):191-6. https://doi.
0rg/10.1007/500264-017-3665-1.

Weiss RJ, Montgomery SM, Ehlin A, Dabbagh ZA, Stark A, Jansson KA.
Decreasing incidence of tibial shaft fractures between 1998 and 2004:
information based on 10,627 Swedish inpatients. Acta Orthop. 2008;79(4):
526-33. https://doi.org/10.1080/17453670710015535.

Court-Brown CM, Duckworth AD, Clement ND, McQueen MM. Fractures in
older adults. A view of the future? Injury. 2018;49(12):2161-6. https://doi.
0rg/10.1016/jinjury.2018.11.009.

Thur CK, Edgren G, Jansson KA, Wretenberg P. Epidemiology of adult ankle
fractures in Sweden between 1987 and 2004: a population-based study of
91,410 Swedish inpatients. Acta Orthop. 2012;83(3):276-81. https.//doi.org/1
0.3109/17453674.2012.672091.

Konig M, et al. Historical trends in modifiable indicators of cardiovascular
health and self-rated health among older adults: cohort differences over 20
years between the Berlin aging study (BASE) and the Berlin aging study Il
(BASE-II). PLoS One. 2018;13(1):e0191699. https://doi.org/10.1371/journal.
pone.0191699.

Kim S, So WY. Prevalence and correlates of fear of falling in Korean
community-dwelling elderly subjects. Exp Gerontol. 2013;48(11):1323-8.
https://doi.org/10.1016/j.exger.2013.08.015.

Gazibara T, Kurtagic |, Kisic-Tepavcevic D, Nurkovic S, Kovacevic N, Gazibara T,
et al. Falls, risk factors and fear of falling among persons older than 65 years of
age. Psychogeriatrics. 2017;17(4):215-23. https//doi.org/10.1111/psyq.12217.
Thomasius F, Baum E, Bernecker P, Bocker W, Brabant T, Clarenz P, Engelke
K. DVO Leitlinie 2017 zur Prophylaxe, Diagnostik und Therapie der
Osteoporose bei postmenopausalen Frauen und Mannern. Osteologie. 2018;
27(03):154-60.


https://doi.org/10.1016/j.recot.2017.09.002
https://doi.org/10.1016/j.recot.2017.09.002
https://doi.org/10.1007/s00198-012-2050-6
https://doi.org/10.1007/s00198-012-2050-6
https://doi.org/10.1007/s11657-013-0136-1
https://doi.org/10.1093/gerona/glx073
https://doi.org/10.1093/gerona/glx073
https://doi.org/10.1016/j.injury.2019.12.008
https://doi.org/10.1016/j.injury.2019.12.008
https://doi.org/10.1007/s00391-018-1382-z
https://doi.org/10.1007/s00402-016-2524-7
https://doi.org/10.1007/s00402-016-2524-7
https://doi.org/10.1016/j.bone.2008.04.015
https://doi.org/10.1016/j.bone.2008.04.015
https://doi.org/10.1007/s40520-015-0457-6
https://doi.org/10.1007/s00198-016-3808-z
https://doi.org/10.1016/j.injury.2019.03.034
https://doi.org/10.1016/j.injury.2018.09.008
https://doi.org/10.1016/j.injury.2018.09.008
https://doi.org/10.1080/17453674.2019.1698148
https://doi.org/10.1016/j.archger.2018.04.008
https://doi.org/10.1016/j.archger.2018.04.008
https://doi.org/10.1186/s13018-020-1580-4
https://doi.org/10.1007/s00198-007-0534-6
https://doi.org/10.1007/s11657-013-0140-5
https://doi.org/10.1007/s11657-013-0140-5
http://www.gbe-bund.de
https://doi.org/10.1007/s00402-019-03321-5
https://doi.org/10.1007/s00402-019-03321-5
https://doi.org/10.1186/s12891-020-03393-0
http://www.gbe-bund.de
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/Publikationen/Downloads-Verkehrsunfaelle/verkehrsunfaelle-zeitreihen-pdf-5462403.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/Publikationen/Downloads-Verkehrsunfaelle/verkehrsunfaelle-zeitreihen-pdf-5462403.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/Publikationen/Downloads-Verkehrsunfaelle/verkehrsunfaelle-zeitreihen-pdf-5462403.pdf?__blob=publicationFile
https://publikationen.dguv.de/widgets/pdf/download/article/3673
https://publikationen.dguv.de/widgets/pdf/download/article/3673
https://doi.org/10.1007/s00113-007-1257-z
https://doi.org/10.1186/s12891-018-2276-3
https://doi.org/10.1186/s12891-018-2276-3
https://doi.org/10.1016/j.injury.2008.07.017
https://doi.org/10.1016/j.injury.2008.07.017
https://doi.org/10.1007/s00264-017-3665-1
https://doi.org/10.1007/s00264-017-3665-1
https://doi.org/10.1080/17453670710015535
https://doi.org/10.1016/j.injury.2018.11.009
https://doi.org/10.1016/j.injury.2018.11.009
https://doi.org/10.3109/17453674.2012.672091
https://doi.org/10.3109/17453674.2012.672091
https://doi.org/10.1371/journal.pone.0191699
https://doi.org/10.1371/journal.pone.0191699
https://doi.org/10.1016/j.exger.2013.08.015
https://doi.org/10.1111/psyg.12217

Hemmann et al. BMC Musculoskeletal Disorders

42.

43.

(2021) 22:456

Court-Brown CM, Aitken S, Hamilton TW, Rennie L, Caesar B. Nonoperative
fracture treatment in the modern era. J Trauma. 2010,69(3):699-707. https://
doi.org/10.1097/TA.0b013e3181b57ace.

Bucking B, et al. Treatment of patients with fragility fractures. Unfallchirurg.
2019;122(10):755-61. https://doi.org/10.1007/500113-019-00707-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 24 of 24

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/TA.0b013e3181b57ace
https://doi.org/10.1097/TA.0b013e3181b57ace
https://doi.org/10.1007/s00113-019-00707-3

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Patients and methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

